Introduction
For an in-line source-receiver geometry, the marine CSEM response from a thin resistive target is much more due to galvanic effects than to inductive effects (Eidesmo et al. (2002) ; MacGregor and Sinha (2000) ). Typically, very low source frequencies (0.05 -1 Hz) are applied. The detection of a potential petroleum reservoir is achieved through inversion of electromagnetic data acquired in sea floor receivers. Inversion of electromagnetic data requires a number of repeated solves of the mathematical/numerical model in an iteration process. The computational efficiency of the solver will therefore have great impact of the computational efficiency of the inversion. Various types of solvers, like finite difference, finite element, integral equation (IE), and hybrid methods, have been applied. The different types of methods have different computational advantages and disadvantages. With rigorous IE (Hursán and Zhdanov (2002) ), a dense-matrix problem must be solved. For problems involving many grid cells in the target region, a huge computational effort is then needed. Recently, a novel approximate hybrid method has been shown to produce excellent accuracy in modeling the CSEM response from petroleum reservoirs in a 2D setting (Bakr and Mannseth (2009b) ). This method -termed simplified IE (SIE) modeling -fully utilizes that the low-frequency CSEM response from a thin resistive body is dominated by the galvanic effect. The dense-matrix part of IE can then be replaced by sparse-matrix calculations corresponding to solving a Poisson equation for the reservoir. In Bakr and Mannseth (2009a) it was found that both theoretical and practical computational performance of SIE were orders of magnitude better than that of IE when a large number of grid cells was needed to discretize the target. In the present paper, our main concern is to investigate the range of validity of SIE modeling in 3D with respect to variation in problem parameters such as source frequency, electric conductivity, target shape and target size. While a more extensive investigation into these issues, including also a theoretical investigation (in preparation), is beyond the scope of the extended-abstract format, we focus here on presenting some numerical results to illustrate the main features.
Integral equation approach
With rigorous IE (see, e.g., Hursán and Zhdanov (2002) ), the computational effort is dominated by solving an integral equation for the anomalous electric field
for r ∈ D (see, e.g., Zhdanov (2002) ), leading to a dense-matrix linear system. Here, G E denotes the electric Green's tensor, σ denotes the electric conductivity, E denotes the electric field, while the superscripts b and a denote background and anomalous quantities, respectively. Hence, the conductivity, σ, equals σ b + σ a in D, while the conductivity outside D equals σ b . For the computation of G E and E b in D, as well as the computation of E b and E a in the receivers when equation 1 has been solved, we refer to, e.g., Zhdanov (2002) .
Simplified IE approach
SIE replaces the computationally intensive calculation of E a in D from equation 1 by solving
for E a in D, leading to a sparse-matrix linear system. When E a in D has been calculated, E is found in the receivers with low computational effort, using standard equations for rigorous IE modeling. We refer to Bakr and Mannseth (2009b) for the derivation of equations 2-3, and to Bakr and Mannseth (2009a) for a description of appropriate boundary conditions for 2. 
Numerical comparison
We compare computational results obtained with SIE to results obtained with rigorous IE (Hursán and Zhdanov (2002) ) with respect to accuracy. (We refer to Bakr and Mannseth (2009a) for a comparison of computational cost.) Results (extracted from a more extensive numerical comparison) are shown for a test model consisting of a homogeneous half space with electric conductivity σ b = 1 S m −1 , under a 1000 m thick sea water column with electric conductivity 3.33 S m −1 . The source is a 100 m long, 1000 A, x-directed (y = 0) horizontal electric dipole, operating at frequency f , whose center location is 100 m above the sea floor and 1000 m to the left of the edge of D, along the negative x-axis. The receivers are placed in a single line along the sea floor at y = 0. All positions specified later will refer to a coordinate system with origin at the horizontal sea-air interface right above the centroid of the top surface of D, and where the positive z-axis points downwards. The results to be shown are amplitudes of anomalous electric field components in the receivers. while the bottom panel shows results for f = 10 Hz. The accuracy of SIE is quite good in this situation for frequencies smaller than about 10 Hz, and it improves when the frequency decreases. Although not illustrated here, the accuracy is stable with respect to the horizontal extension of the target, and to the conductivity contrast. Figure 1 , the accuracy of SIE modeling is seen to be stable with respect to target shapes. For a cubically shaped body, however, results (not shown here) indicate that the accuracy of SIE deteriorates somewhat as the target volume increases.
Simulation 3: Conductive target. We continue by testing SIE modeling on conductive targets with different shapes. We note that metal ores represent conductive targets, although the target shapes presented here are not selected specifically with that in mind. The frequency is selected as f = 1 Hz. for conductive targets, but in contrast to the resistive case, it deteriorates somewhat with the strength of the conductivity contrast. Also, it is somewhat more dependent on target shape.
Conclusions
We have presented a numerical investigation to study the range of validity of SIE modeling. It was found that the accuracy is excellent for a vertically thin resistive target for typical marine CSEM frequencies, and quite good for frequencies up to about 10 Hz. For a resistive target, the accuracy of SIE was found to be very stable with respect to target shapes and volumes, and with respect to conductivity contrast strength. For a conductive target, the accuracy is also quite good, but it deteriorates somewhat with the strength of the conductivity contrast.
